The Paleoproterozoic domain of the Ivory Coast lies in the central part of the West African Craton (WAC) and is mainly constituted by TTG, greenstones, supracrustal rocks and leucogranites. A compilation of metamorphic and radiometric data highlights that: i) metamorphic conditions are rather homogeneous through the domain, without important metamorphic jumps, ii) HP-LT assemblages are absent and iii) important volumes of magmas emplaced during the overall Paleoproterozoic orogeny suggesting the occurrence of longlived rather hot geotherms. Results of the structural analysis, focused on three areas within the Ivory Coast, suggest that the deformation is homogeneous and distributed through the Paleoproterozoic domain. In details, results of this study point out the long-lived character of vertical movements during the Eburnean orogeny with a two folds evolution. The first stage is characterized by the development of "domes and basins" geometries without any boundary tectonic forces and the second stage is marked by coeval diapiric movements and horizontal regional-scale shortening. These features suggest that the crust is affected by vertical movements during the overall orogeny. The Eburnean orogen can then be considered as an example of long-lived Paleoproterozoic "weak-type" orogen.
Introduction
Several studies point out the existence of "archaic" mechanisms of deformation during juvenile crust formation, i.e. homogeneous deformation marked by vertical crustal movements with combined burial and diapirism mechanisms into the crust (e.g. [Delor et al., 1991] , [Pons et al., 1992] , , [Chardon et al., 1996] , [Chardon et al., 1998 ], [Chardon et al., 2002] and [Van Kranendonk et al., 2004] ). Most of these studies focused on Archean orogens where "domes and basins" development is related to the sagduction of dense supracrustal rocks and to the uprise of relatively lighter underlying crust (e.g. [Gorman et al., 1978] , , [Chardon et al., 1996] and [Chardon et al., 2002] ). Nevertheless, such archaic-type deformation mode, implying vertical movements and distributed strain, appears to be dependent on the rheology profile within the continental lithosphere and can develop within weak crust which does not necessarily display inverse density gradients ( [Cagnard et al., 2006a] , [Cagnard et al., 2006b ], [Cagnard et al., 2007] and [Gapais et al., 2008] ). However, the application of the "archaic" model of evolution for domains younger than Archean, and in particular for Paleoproterozoic once, is still debated.
The Paleoproterozoic domain (2.3 to 1.8 Ga), forms a consequent part of the West African Craton (WAC). It consists in a Paleoproterozoic juvenile continental crust which has been created during the Eburnean orogenic event, most likely from oceanic material ( [Abouchami et al., 1990] , , [Dia et al., 1997] and [Pouclet et al., 2006] ), with only limited and localised inheritance of older Archean crustal rocks ( and ). This domain has remained a stable craton from that time, without any subsequent reworking of the Eburnean structures. Different models have already been proposed for explaining the Eburnean orogeny in west Africa, from: i) a "modern-type" orogenic belt evolution, with the development of major thrusts ( [Milési et al., 1989] , [Ledru et al., 1990] , [Feybesse and Milési, 1994] and [Billa et al., 1999] ) to ii) more "archaic" type models which highlight, in particular, the role of the diapirism during the Eburnean orogeny ( [Vidal, 1987] , , , , [Nikiéma et al., 1993] , , [Pons et al., 1995] and ). This paper presents a compilation of cartographic data from the last 1/200,000 mapping projects hold through Ivory Coast ( , , and ) as well as new structural data coming from previous unpublished field works ([Doumbia, 1997] and [Ouattara, 1998] ). This work focuses on three principal zones dividing the central part of the Paleoproterozoic domain of the WAC through the Ivory Coast in order to characterise regional-scale deformations across the Eburnean orogen. It shows a deformation pattern suggesting homogeneous, pervasive deformation of a weak crust during overall orogeny. This study highlights how vertical, "archaic-type" mechanisms of deformation can have been important during the Birimian, which is a key period to understand the evolution of the mechanical behaviour of the continental lithosphere over times.
Geological setting
The Paleoproterozoic domain of West Africa is located between the Archean craton of Man, to the west, and the Volta basin, to the east (Fig. 1) . Within this domain, the outcropping rocks are dated in-between 2.2 and 2.0 Ga (e.g. , , ], [Caen-Vachette, 1986] , , , [Hirdes and Davis, 2002] and [Oberthür et al., 1998 ]; Lüdtke et al., 1999 ; [Castaing et al., 2003] , and [Castaing et al., 2004] ;). They consist of: i) early Tonalite-Trondjhemite-Granodiorite (TTG) and tholeitic greenstone complexes (~ 2.2 to 2.15 Ga), ii) low metamorphic grade volcano-sedimentary series made of clastic sediments intercalated with calc-alkaline volcanic levels (~ 2.15 Ga) and iii) leucogranites (~ 2.1 Ga; Fig. 1 and Fig. 2a ). Geochemical and isotopic studies have shown that a large part of this Paleoproterozoic domain, in Ivory Coast, Burkina-Faso and Niger, was a juvenile crust, i.e. entirely created during Paleoproterozoic times; the only traces of inheritance of Archean rocks have been found along the SE edge of the craton of Man ( [Abouchami et al., 1990] , [Boher et al., 1992] , and ). The TTG and greenstone complexes would derive from the differentiation of "oceanic type" crustal units ( [Abouchami et al., 1990] , , and [Dia et al., 1997] ). The Eburnean orogeny is defined as the deformation and metamorphic events affecting the Paleoproterozoic continental crust during Birimian times, in western Africa. The present study focuses on the evolution of this orogenic event throughout the central and eastern part of the Paleoproterozoic domain of WAC, within Ivory Coast.
At regional scale, the cartographic pattern of the studied domain is characterised by an alternation of narrow "bands" of TTG, greenstones, volcano-sedimentary series and leucogranites striking roughly N035 ( Fig. 1 and Fig. 2a ). Numerous strike-slip faults and ductile shear zones are recognised across the overall Paleoproterozoic province (Fig. 1) , mostly striking NE to the northeast of the domain (cf. Ouagadougou area) and striking N in its central part.
In the following, a structural analysis is presented for three domains, the Nassian (NE), the Ferkessedougou (central West) and the South Comoé (SE) domains, and will focus on two pluton massifs considered as the references in the geological units' determinations in Ivory Coast ( [Junner, 1940] , [Bodin, 1951] , [Arnould, 1961] , [Tagini, 1971] , [Casanova, 1973] , [Bard, 1974] and [Yobou, 1993] ). These plutons are: i) the Bondoukou massif (2.16 Ga; Touré et al., 1987) , located within the Nassian domain, which is regarded as one of the first plutonic intrusions during the Eburnean crust formation event and ii) the Ferkessedougou massif (2.1 Ga; Yobou, 1993) , within the central west part of the domain, considered as one of the late intrusions, synchronous with regional-scale shortening.
Plutonic activity and metamorphic conditions during the Eburnean orogeny
Many granitoid bodies are scattered across the West African Paleoproterozoic domain. A compilation of their radiometric ages has been done for the central-eastern part of the domain, in Ivory Coast (Fig. 2a) and it shows a very large span of ages, from about 2.2 to 2.0 Ga (see references in the caption of Fig. 2) . From a radiometric study made in the Kéniéba and Kayes areas (Senegal, Fig. 1 ), Hirdes and Davis (2002) divided the Paleoproterozoic domain of WAC in one older Eastern subprovince and a younger Western one. At the scale of the present work, no particular spatial trend or clustering of the ages can be shown across the domain (Fig. 2a) . The Western subprovince of Hirdes and Davis (2002) may thus be limited to a zone lying further west of the studied area. Both time and spatial distribution of the radiometric ages highlight that the production of consequent volumes of magmas lasted during the overall Eburnean orogeny and that the magma production and intrusion rate was approximately the same across most of the domain during the continental growth. This suggests also that the geotherm remained rather high during the overall Eburnean orogeny.
A compilation of published metamorphic conditions estimations for different locations of the domain shows that, at regional scale, the entire Paleoproterozoic domain displays rather low maximum metamorphic conditions corresponding to greenschist facies to lower amphibolite metamorphic one ( Fig. 2a ; [Tagini, 1971] , [Bard, 1974] , , [Lemoine, 1988] , , , , , , ], [Ouattara, 1998 ], and [Pouclet et al., 2006] ). To the east, the central part of the Comoé basin (cf. area 2 on Fig. 1 ) displays even lower anchizonal metamorphic conditions. Higher metamorphic conditions (HT / L to MP) have been reported in the Paleoproterozoic domain, along the edge of the Archean craton of Man: i) in its southwesternmost part, with a spatial progressive increase of metamorphic conditions, from NE to SW (Papon, 1973; Fig. 2a) or ii) at local scale, in association with granitic plutons (Caby et al., 2000) . In other places of the Paleoproterozoic domain, some migmatites have also been notified but detailed petrographic analysis have shown that most of these units are, in fact, alternations of granitoids and orthogneisses which are not the result of a regional metamorphism (i.e. and , 1994; , [Castaing et al., 2004] and [Pouclet et al., 2006] ). At local scale, a progressive increase of the metamorphic conditions, from greenschist to amphibolite facies, has been registered into the volcanic and sedimentary rock series as illustrated in the basin of the South Comoé domain (Fig. 2b) . These metamorphic gradients are typically concentric around the granitoid massifs with a systematic increase of the metamorphic conditions, toward the plutons, on distances of a few to ten kilometres (cf. arrows on Fig. 2b ). Detailed petrographic analyses have never been performed, throughout the Comoé domain, to quantify metamorphic conditions increase when approaching the plutons. However, works from Pons et al. (1995; NE WAC) and Debat et al. (2003; N WAC3) highlight a temperature, but also a pressure increase within the aureoles of syn-kinematic plutons. Outside of these peculiar pluton rim zones, HP/LT type metamorphic conditions have never been reported for any of the units of the Paleoproterozoic domain. Moreover, no sharp metamorphic jump has been described within the domain and changes of metamorphic conditions appear to be always continuous, either at regional or at local scale around the plutons (Fig. 2b) . These two latter points suggest that no juxtaposition of contrasted metamorphic units along major thrusts or detachments occurred during the Eburnean orogeny.
The Nassian domain: vertical movements without horizontal shortening

Geological setting
The Nassian domain is located in the north-east part of Ivory Coast (zone 1, Fig. 1 and Fig.  2a ). It makes part of a larger geological domain that extends to the north and east of the Paleoproterozoic domain ( Fig. 1) and includes the Boutourou, Nassian, Kinnta and Bondoukou areas (Fig. 3a) . To the south, the Nassian domain is limited by the northern edge of the Comoé sedimentary basin (Comoé domain, Fig. 2a ). The contact of the Comoé series on top of the units of the Nassian domain has been rarely observed but clearly pointed out within the Upper Comoé area ( Fig. 2a ; Vidal et al., 1996) . Its western boundary is defined by a late two-micas granite (Awahikro massif, Fig. 3a ) similar to the Ferkessedougou granite described in the following part and lying along a sub-meridian regional-scale sinistral ductile shear zone. Field observations and cartographic relationships suggest that this ductile shear zone is a late structure relative to the deformation of the Nassian domain ( and [Vidal, 1987] ). The Nassian domain is made of tonalite, trondjhemite and granodiorite (TTG) rocks suite emplaced into a series of dense volcanic and volcanosedimentary rocks (greenstones; Fig. 3a ). Such volcano-sedimentary series comprise detrital formations -sandstones, quartzites, ampelites and pelites -interstratified with volcanic levels including rhyolites, andesites and basalts. At regional scale, the geological map shows that the volcano-sedimentary rocks are surrounding several granitoid plutons of one to several tens of kilometres width (Fig. 3a) . The most studied of these plutons is the Bondoukou granodiorite, lying in the South-easternmost part of the Nassian domain (Fig. 3a) . In map view, most of the plutons, such as the Bondoukou granodiorite, display a nearly circular shape (Fig. 3a) . Such feature could be interpreted as resulting from intrusion of granitoids post-dating the deformation observed in the surrounding rocks. However, different studies documented a continuous chemical transition in-between granodioritic rocks and the tholeitic type volcanic series ( [Tagini, 1971] and ), suggesting a coeval origin for the TTG and the greenstones.
Radiochronological studies highlighted that these volcanic and plutonic units of the Nassian domain where synchronous and emplaced quite early during Birimian, from 2.2 to 2.15 Ga ( and [Siméon et al., 1994] ; . The age of 2195 ± 10 Ma calculated for a meta-rhyolite lying to the north of the domain (Pb/Pb-Zircon, Siméon et al., 1995b; see Fig. 2a for location) is the oldest age known for the Paleoproterozoic units of the domain.
Structural analysis of the TTG units (Nassian domain) with a particular focus on the Bondoukou granodiorite
The Bondoukou granodiorite is considered as a typical example of a plutonic, nearly circular body, surrounded by deformed volcano-sedimentary rocks in the Nassian domain ( Fig. 3a ; and ). The most common litho-facies of the Bondoukou pluton is a massive, hetero-granular with poor K-feldspar proportion granodiorite. In some places, a hypo-volcanic type facies can be observed, which displays amphibole and millimetre-scale rounded quartz minerals. It represents an intermediate composition suggesting geochemical filiations with the surrounding volcanic series (e.g. rhyolites and basalts). In the central part of the Bondoukou massif, the granodiorite is rather isotropic. The contact between the granodiorite and the volcano-sedimentary rocks has been studied along the northern edge of the pluton as its southern boundary is almost entirely covered by postBirimian deposits (Fig. 3a) . From the core to the border of the Bondoukou massif, we observed a progressively increasing deformation. Within the rim of the pluton, the deformation is characterised by a penetrative foliation, clearly marked by biotite and hornblende minerals draping plagioclase phenocrysts. This foliation strikes parallel to the lithological contact and steeply dips outward from the pluton, draping the external envelope of the granodiorite. A mineral alignment to a stretching lineation has been observed as dip slip in those planes (Fig. 3b) . Several kinematic criteria have been observed in the rim of the pluton: shear and foliation plane obliquity, asymmetrical rounded structures, which highlight a normal-type movement of the internal parts of the pluton relative to the surrounding rocks (Fig. 3b) . In some places, the boundary between the granodiorite and the volcano-sedimentary units seems to be overturned; in that case the foliation is steeply dipping toward the pluton and kinematic criteria show inverse type movement coherent with the uprising of the central part of the granodiorite in regards to its surrounding rocks and its rim. From the edge toward the internal parts of the massif, the mineral stretching lineation tends to disappear, but some fine-grained dark inclusions display a sub-vertical alignment of Fe-Mg rich minerals, parallel to the measured orientation of the stretching lineations. Around these inclusions, the granodiorite display a rather isotropic texture which suggests that these alignments may correspond to magmatic lineations and that deformation was thus synchronous with the cooling and crystallisation of the pluton.
The structural and kinematic analysis presented for the Bondoukou granodiorite is a typical example that can be extrapolated to the other TTG massifs of the Nassian domain. The foliation trajectories have been extrapolated for the overall Nassian domain (Fig. 3a) . Within the TTG units, foliation trajectories display as concentric ellipses, parallel to the lithological boundaries between the different plutonic massifs. If considering one isolated pluton, a preferential direction can be deduced for the long axis of the ellipse (for instance, N-S for the Bondoukou granodiorite) and could be interpreted as perpendicular to a horizontal maximum shortening direction. However, the analysis of the trajectories' geometry, for the overall domain, show that these ellipses' long axes display scattered directions and that, in consequence, no preferential direction can be highlighted from those features.
Structural analysis of the greenstones (Nassian domain)
Far from the plutons, the layering is well defined and preserved in the volcano-sedimentary series. The strike of the layering is almost parallel to the trace of the contact with the TTG units (Figs. 3a and c) . Most of the time, it dips away from the plutons and more rarely toward them where the contact is overturned (Fig. 3a and c) . At regional scale, the volcanosedimentary layers display upright narrow synclines squeezed between the different plutons ( Fig. 3a and c) . In map view, traces of these folds' axes turn around the TTG units without any clear preferred mean strike (Fig. 3a) . At the vicinity of the plutons, the layering of the volcano-sedimentary series is progressively transposed by the development of a cleavage S1, parallel to the lithological contact between the two units (Fig. 3b) . Mineral lineations L1 also developed within the greenstones, close to the contact with the plutons. The strike measured for these lineations show a radial dispersion around the plutons, from N300 to N020, with a rather steep plunge (50-70°.; Fig. 3a and b) . Kinematic indicators (angle in-between cleavage and shear planes, asymmetrical micro-folds) show a normal-type movement, compatible with the one deduced from the structures observed within the external rim zones of the plutons (Fig. 3b) .
Within the basic volcanic rocks, S1 is characterized by a dominant paragenesis consisting in "Chlorite + Epidote + Calcite + Quartz ", defining greenschist metamorphic conditions. However, the amphibole blastesis (hornblende) underlying Ll near the plutons shows higher thermal conditions. In the rare pelitic facies mapped in contact with the Bondoukou granodiorite to the NW, this observation is confirmed by assemblages with syn-to postfoliation staurolite, implying minimum temperatures of about 550 °C. The cartographic envelope of these maximum metamorphic conditions, as well as the foliation which is synchronous with them, drapes the contour of plutons.
The deformation field within the volcano-sedimentary units is strongly dependent on the geometry of the plutons. In cross section, the TTG plutons do not show strict intrusive relationships with the surrounding rocks because layers within the greenstone units drape the pluton domes and their layering is reoriented parallel to the contact envelope (Fig. 3c) . As in the case of the TTG units, no preferential striking can be deduced from the analysis of the structures into the greenstone belts. Moreover, few triple-points have been recognized throughout the volcano-sedimentary units, as the one figured out along the Northern edge of the Bondoukou pluton (Fig. 3a) . Cross sections of the Fig. 3b present very oblique directions (Fig. 3a) . From one section to the other, the TTG plutons as well as the folds within the greenstones present respectively the same shape and roughly the same wavelength (Fig. 3c) .
The structural analysis of the greenstones and the TTG units suggests that, at regional scale, there was no preferential horizontal shortening direction during the deformation of the Nassian domain. It suggests also that the structure of these units solely results from the vertical uprising of plutons relative to the surrounding rocks in absence of any tectonic boundary forces and implying only local-scale shortening, linked to internal body forces.
The Ferkessedougou domain: lateral flow during horizontal shortening
Geological setting of the Ferkessedougou domain
The Ferkessedougou domain is located in the Ivory Coast, in the central part of the Paleoproterozoic domain (Fig. 1, area 2) . This domain is made of i) a volcano-sedimentary series (sandstones, pelites and volcanics), considered as the lateral equivalent of the Comoé basin series and ii) the Ferkessedougou massif, a leucogranite "batholith" which extends on about 500 km long, from SW to NE, for a maximum of 50 km wide (Fig. 2a) . Field observations and cartographic relationships show that the Ferkessedougou massif was a relatively late feature in this geological domain ( [Milési et al., 1989] and ). This massif is regarded as one of the last magmatic intrusions during the Eburnean orogenic evolution (about 2.1 Ga) in the area ( [Tagini, 1971] , [Yobou, 1993] and ]).
Structural analysis of the Ferkessedougou domain
The Ferkessedougou domain is characterized by the presence of several sub-meridian ductile shear zones, underlined by mylonites, which cut across the domain and draw sometimes anastomosed pattern, in map view ( Fig. 1 and Fig. 4 ). Close to the shear zones, steep foliation planes and associated sub-horizontal mineral lineations developed into the surrounding rocks (Fig. 4) . The obliquity between the strike of the foliation planes (and lineations) and the direction of the regional-scale shear zones suggests that these structures developed in a sinistral movement context (Fig. 4) . Kinematics criteria observed on different outcrops (see location on Fig. 4 ) suggest also sinistral simple-shear movements (Fig. 5a ).
Away from these regional-scale shear zones, layering of the volcano-sedimentary rocks is preserved and displays upright folds with axes striking N030 to N040, parallel to the direction of the Ferkessedougou granite. Sub-vertical cleavage developed parallel to their axial planes. Locally, stratification planes of the volcano-sedimentary series remain sub-horizontal and only gently folded (e.g. western Marahoué Basin, Fig. 4) . In those places, a high density of quartz and/or pegmatitic dykes suggests the occurrence of a pluton, or of apophyses of a pluton at shallow depth, below the volcano-sedimentary series.
Structural analysis of the Ferkessedougou leucogranite
The Ferkessedougou massif is made quite exclusively by a biotite and muscovite rich granite facies which presents phase's equilibriums showing maximum metamorphic conditions in the greenschist facies . Biotite retromorphosis gives either secondary muscovite or chlorite with Fe oxides mineral assemblages. Away from the shear zones, the Ferkessedougou granite displays zones with contrasted deformation intensity marked by the development of rather strong fabrics (Fig. 5b) or cryptic structures (Fig. 5c ). In the more intensely deformed zones, some stretching lineations developed without any evidence of associated cleavage or foliation planes. Such lineations are always sub-horizontal and strike N030-N035, parallel to the long "axis" of the elongated shape of the granite massif (Fig. 4) . Within the low deformed zones, structures are poorly expressed and difficult to observe. Nevertheless, a detailed structural and remote sensing analysis, using SPOT-XS images, has been done in one of such poorly deformed zones within the Ferkessedougou granite massif, east of Zuénoula (see location on Fig. 4) . The lineaments' interpretation made from remote sensing analysis shows that the Ferkessedougou "batholith" is constituted, in fact, by several different plutons or plutons' apexes (Fig. 6a) . Fabric anisotropy is marked in the granite by biotite grains alignment and, sometimes, the stretching of schlieren structures. Two families of plane anisotropies are identified (Fig. 6a) : i) sub-horizontal ones, marked by sub-horizontal jointing at outcrop-scale (Fig. 5d) , and ii) steep ones, striking parallel to the stretching lineations which have been measured in the more intensely deformed zones (Fig. 6a) . The linear anisotropies are always sub-horizontal and show two different direction families (Fig.  6a) : one striking SW, also parallel to the measured stretching lineations, and one striking perpendicularly, oblique to the cartographic "elongation" of the Ferkessedougou granite (Fig.  6a) . Orientations of the planar and linear anisotropies measured on the field are in good accordance with the ones obtained by Ouattara (1998) from a magnetic susceptibility analysis study held in the same area (compare Fig. 6a and b) .
The Ferkessedougou leucogranite presents a constrictive deformation with a N030-N035 oriented horizontal maximum stretching direction. This deformation pattern is compatible with the one observed within the surrounding volcanic and sedimentary series which shows N030-N035 oriented upright folds suggesting a N120-N125 oriented horizontal maximum shortening direction. In that frame, the cryptic deformation pattern measured into the low intensity deformation zones of the pluton can be interpreted as the combination of regionalscale deformation (cf. sub-vertical planes and NNE-SSE striking lineations) and of local ballooning of the plutons during their intrusion (cf. sub-horizontal planes combined with oblique lineations). These features suggest that, during its emplacement, the Ferkessedougou granite was flowing in a horizontal direction, at a high angle with the regional-scale maximum horizontal shortening.
The South Comoé domain: combined horizontal shortening and vertical movements
Geological setting of the South Comoé domain
The study of this domain allows linking the structures observed within the Nassian and the Ferkessedougou domains. The South Comoé domain is located to the S-SE of the Paleoproterozoic domain, north of Abidjan (area 3, Fig. 1 ). This domain is mainly constituted by a terrigeneous sedimentary series comprising sandstones with a phyllitic matrix, arkoses and pelitic layers ( Fig. 7a ; [Alric et al., 1987] , [Vidal, 1987] , and ). Into the series, sedimentological studies highlight a bad size sorting and angular shapes of the grains. In most places, far from the granite plutons, syn-sedimentary structures have nicely been preserved: e.g. soft pebbles, load casts, slumps. The Comoé series corresponds to rather low energy conditions during the transport and deposit of the sediments; the basin was thus close to the erosion source that presented a moderate relief ([Alric et al., 1987] and ). Several granitoid plutons outcrop throughout the South Comoé domain (Fig. 7a) . Leucogranites are clearly emplaced within the Comoé sedimentary series and do correspond to late leucogranites similar to the Ferkessedougou massif, lying further west. However, some other granitoids comprising deformed granodiorites and tonalites appear to pre-date sedimentary deposits. Indeed, even if the contact surface between the sediments and these latter granitoid massifs has never been directly observed on the field, the absence of contact metamorphism around indicates that the sedimentary series must have deposited on top of those granites. These massifs may correspond to the TTG complex units of the Nassian domain which emplaced very early during the Eburnean history.
At first order, the metamorphic conditions recorded in the South Comoé sedimentary series correspond to the greenschist metamorphic facies (Fig. 2) . In more details, maximum metamorphic conditions progressively increase locally when approaching some of the pluton massifs and can reach amphibolite facies conditions at the contact with the granite bodies ( Fig. 2b; [Tagini, 1971] , [Bard, 1974] , [Bard and Lemoine, 1976] , , and ). This metamorphic gradient is characterised by temperature but also pressure increase. Even if localised around the leucogranites, this cannot be simply interpreted as a contact metamorphism due to their intrusion within the sedimentary basin. Deeper structural levels of the surrounding rocks look to have been turned up around the leucogranite plutons during their emplacement.
Structural analysis of the leucogranites
In map view, envelopes of the late leucogranite display as elongated bodies oriented in the same NE to NNE direction (Fig. 7a) . In some places, these plutons are located along localscale strike-slip shear zones ( Fig. 7a and b) . In the core of the massifs, a clear NE striking sub-horizontal mineral lineation developed, parallel to the long direction of the plutons (Fig.  8a) . In the rim zones of the granites, two different kinds of structures have been observed. First, foliation planes developed roughly parallel to the contact surface between the granite and the surrounding sedimentary series, i.e. dipping away from the centre parts of the granites. Dip-slip lineations are associated with the development of such foliations and some kinematic criteria indicate normal-type movements along those planes (Fig. 8b and c) . In other places, where plutons are located along ductile shear zones, simple-shear type structures developed within the leucogranites with a steep foliation, horizontal stretching lineations and kinematic criteria (foliation/shear planes obliquity) showing systematic sinistral movements along the shear zones.
Structural analysis of the volcano-sedimentary series
The deformation pattern of the volcano-sedimentary series is marked by upright folds presenting contrasted wavelength from one place to another (Fig. 7 and Fig. 9 ). Sub-vertical cleavage sometimes developed, parallel to mean axial planes of the folds (Fig. 9b) . Cleavage and fold axes strike NNE to NE, parallel to the mean orientation of the elongated shape of the leucogranite plutons (Fig. 7 and Fig. 8 ). These structures are compatible with the N120 to N130 striking maximum horizontal shortening direction deduced from the structural analysis of the Ferkessedougou domain. In addition, the envelope of the folds is sub-horizontal across the overall domain ( Fig. 7 and Fig. 8 ) which indicates a homogeneous deformation at regional scale. Locally, the bedding can present rather gentle folding where the volcano-sedimentary series is observed directly on top of a leucogranite pluton (Fig. 8 and Fig. 9 ). These observations suggest that, at least some, leucogranites emplaced before the end of the WNW directed shortening and thus partly controlled the net shortening within the overlying sedimentary cover. At the vicinity of the leucogranites, the cleavage in the volcanosedimentary rocks becomes roughly parallel to the lithological contact ( Fig. 8 and Fig. 9 ) with a dip-slip mineral lineation. Shear criteria often display down-dip movements (Fig. 8b and c) .
The structural analysis of the Comoé domain highlights that the deformation pattern is rather homogeneous across the entire basin, and that leucogranites emplacement was coeval with N120 to N130 oriented regional-scale horizontal shortening. In addition, it shows that the emplacement of the leucogranites was mainly associated with i) normal-type, down-dip movements, along their boundaries, within the leucogranite and surrounding rocks and ii) a turn up of the deeper levels of the basin, resulting in a pressure and temperature increase of the metamorphic estimations, around the plutons. These features suggest that the leucogranites emplaced by diapiric ascent into the upper crust during the horizontal shortening event that affected the Paleoproterozoic domain during the Eburnean evolution.
Discussion and synthesis
Results of the analysis of the Nassian domain shows that structures' orientations are similar within the TTG and the greenstones; cleavage trajectories are always concentric around the pluton domes and, at regional scale, the strain field does not present any preferential horizontal shortening direction (cf. sketch diagram I, Fig. 10 ). The analysis of the kinematic criteria also shows similar movements into the different lithologies, with ductile pervasive normal movements of the cores of the plutons relative to their rims and surrounding rocks. Such a deformation pattern well corresponds to "archaic-type" mechanisms of diapiric ascent of the TTG units and relative sagduction of the greenstones, which present a highest mean density, during a period when no tectonic forces applied at the boundaries of the domain. Such deformation pattern is rather similar to "domes and basins" geometries, commonly observed within Archean orogens ( , , [Chardon et al., 1998 ] and [Chardon et al., 2002] ). Previous studies have underlined i) geochemical affinities of rock compositions ( [Tagini, 1971] and ), and ii) similar radiometric ages ( [Siméon et al., 1994] , and in-between the TTG and greenstone units. The plutonic and volcanic rocks have emplaced during a continuous magmatic event, between 2200 and ~ 2150 Ma; indeed, the oldest radiometric age interpreted as the emplacement of Paleoproterozoic units, in Ivory Coast, has been obtained from rocks from the Nassian domain (2195 ± 10 Ma Pb/Pb-Zr; Siméon et al., 1995b) . In addition, the intrusion of the TTG plutons, coeval with their deformation, has been dated at about ~ 2170-2150 Ma (cf. compilation on Fig. 2a) . From all these features, the structure of the Nassian domain must be regarded as a witness of the earliest stage during the Eburnean-Paleoproterozoic-orogeny evolution, with deformations that may be solely driven by body forces (cf. I, Fig. 10 ).
After 2150 Ma, fine-grained clastic sediments began to deposit on large areas, on top of the TTG-greenstone complexes; the Nassian domain then formed a limited relief, uplifted along the N130-N150 oriented faults that mark out the northernmost extension of the Comoé sedimentary basin ( [Vidal, 1987] and ).
The second stage of the Eburnean orogeny -around 2100 Ma -is marked by the emplacement of leucogranite bodies into the upper crust, coeval with a WNW oriented regional-scale shortening (Fig. 10) . This magma production could result from the partial melting of older TTG and greenstone complexes ( [Doumbia, 1997] and [Pouclet et al., 2006] ) corresponding to the onset of a geochemical recycling of continental crust material.
Results of early studies within the Upper Comoé domain suggest that the Comoé sedimentary basin could correspond to a transtensional basin developed in a back-arc context (Vidal and Alric, 1994 ). However, as described before, the Comoé sedimentary series correspond to a basin much larger than the surface outcropping throughout the studied area and was certainly located close to the erosion source . In addition, the lack of deposit of coarse-grained clastic sediments in the Ivory Coast, during Birimian, indicates that the relief remained moderate during the whole of the Eburnean orogeny. In contrast with previous interpretations, this work highlights that the Comoé sedimentary series may have deposited on large areas, in a context of shallow continental basin. From a structural point of view, the analysis of the South Comoé domain highlights a rather simple deformation pattern. The volcanic and sedimentary rocks display upright folds with the development of a mean vertical cleavage, parallel to the axial plane, and striking N030 to N035. The folds display a subhorizontal envelope across the overall domain. In addition, the compilation of the metamorphic estimations underlines that the volcano-sedimentary series displays constant maximum PT conditions across the Comoé basin (Fig. 2) ; the same structural level does outcrop overall South Comoé domain and remained sub-horizontal when it deformed. All these features are compatible with a homogeneous and pervasive deformation regime of the crust, during the whole of the Eburnean history, and do not fit with classical "modern-type" orogenic models where main crustal thrust develop and allow the juxtaposition of contrasted metamorphic units as already proposed ( [Milési et al., 1989] , [Ledru et al., 1990] and [Feybesse and Milési, 1994] ). The structural relationships between the leucogranites and the volcano-sedimentary series of the South Comoé domain also points out that the plutons did not cut across the bedding and structure of the sedimentary basin; their emplacement much better correspond to diapiric uprising of the leucogranites and a relative downward movement of the surrounding rocks during regional-scale horizontal shortening. The Ferkessedougou massif is a typical example of the late leucogranites that can be found within the overall Paleoproterozoic domain in Ivory Coast. The Ferkessedougou domain displays a rather deeper erosion level within the crust and its deformation pattern and structure may correspond to the one that could be observed within the relative basement of the Comoé basin, just below the volcano-sedimentary cover. Our structural analysis of the Ferkessedougou "batholith" shows that its constrictive deformation pattern may result from the competition in-between the ballooning of the plutons that constitute the massif and a regional-scale N120-N130 oriented maximum shortening. It highlights the coeval tectonic and plutonic activities during the second stage of the Eburnean orogeny. Throughout Ivory Coast, most of the granites of that type -and age -present an elongated cartographic shape. In the case of the Ferkessedougou massif, its longest direction is almost parallel to the strike of its stretching lineation. In addition, some ductile shear zones often developed along the edges of the granites. These features may be interpreted as the result of a horizontal flowing of the leucogranite bodies, at high angle to the regional-scale horizontal shortening, during their emplacement, with the shear zones acting as transfer zones of the differential movement with surrounding rocks. The sinistral movements often deduced from the kinematics analysis of these sub-meridian shear zones would highlight for a systematic obliquity with the maximum shortening direction in a transpressive tectonic regime (cf. Vidal and Alric, 1994) . From previous works, numerical experiments on soft and buoyant type lithospheres have shown that a phase of orogen-parallel constriction flow takes place as tectonic forces decrease, during a late stage of a weak-type orogeny evolution (Duclaux et al., 2007) . The structure of the Ferkessedougou massif and the ductile shear zones associated with may thus mark out the late stage of development of the weak-type orogeny within the Birimian juvenile crust of western Africa.
Conclusions
Different concluding points can be drawn from this work:
1-The Paleoproterozoic domain of Ivory Coast displays a homogeneous and pervasive ductile deformation with no metamorphic contrast at regional scale, 2-The granitoids emplaced by diapiric uprising within the crust, and relative burial of the upper-crust units, during the whole of the Eburnean history. This long-lived character is in accordance with "archaic" type models of evolution where important vertical motions are documented, 3-The Eburnean history presents a continuous evolution from i) uprise of the TTG and sagduction of greenstones solely driven by body forces in absence of any horizontal shortening, to ii) coeval vertical movements and regional-scale horizontal shortening, 4-The Nassian domain, located NE of the Ivory Coast, can be considered as a witness of the early developed structures which have been preserved, as a rigid block, from subsequent deformation during the Eburnean orogeny, 5-During the first stage of evolution, vertical movements of the crustal units can easily be attributed to inverse density gradients of the dense greenstones lying on top of the TTG units. In contrast, during the second stage, vertical-type diapiric movements persist within a lithological "pile" of clastic sediments lying above granitoids, which do not show any inverse density gradient, 6-During a second phase of evolution, coeval uprising of granite diapirs and regional-scale shortening brings to a horizontal flow of the plutons at high angle with the maximum shortening direction. It results in a horizontal stretching of the granite, 7-Horizontal stretching of the leucogranites is associated with the development of ductile shear zones that act as transfer zones along the pluton boundaries. Figures   Fig. 1 . Simplified geological map of West African Craton (modified after Milési et al., 1989 and Vidal et al., 2006) . The Paleoproterozoic domain is located in-between the Archean block of Man, to the west, and the front of the Panafrican orogen, to the east. The three studied domains are represented as black rectangles. Fig. 3 . The Nassian domain: a) Geological and structural map (modified after , [Siméon et al., 1995c] and ). Within the granitoids, foliation trajectories are figured as thin black lines. b) Cross sections within the Nassian domain. Note that, even if the cross sections present segments with oblique orientations in map view, it shows the same kind of vertical-type structures, and in particular upright folds presenting comparable wavelengths (see location on a). c) Stereographic projection of poles to cleavage within the greenstones, foliation planes and of lineations within the granodiorite measured within and around the Bondoukou massif (Schmidt lower hemisphere projection; see (a) for location). Kinematic criteria observed within the pluton are also shown. (2) anisotropies mainly deduced from Fe-Mg minerals alignment analysis within the granite. Two orientation families are visible for planar anisotropies, a sub-horizontal one and one striking NNE to NE, steeply dipping to the NW. Two orientation families are also observed for sub-horizontal linear anisotropies, one striking SW, parallel to the cartographic orientation of the Ferkessedougou massif, and one striking SE. Faults and plutons' boundaries have been deduced from lineaments interpretation using remote sensing analysis (SPOT-XS images). b) Magnetic fabric obtained by Ouattara (1998) in the same study area. Orientations of the magnetic foliations and lineations confirm the ones observed on the field (compare (a) and (b)). [Delor et al., 1992c] , , [Siméon et al., 1995c] , and ). Note that the fold axes within the volcano-sedimentary series strike almost parallel to the elongated cartographic shape of the granites. Locations of the photographs on Fig. 9 are shown by the four stars. b) NW-SE oriented regional-scale cross section within the South Comoé domain (see location on (a)). , ii) tight plutons elongated at high angle with the maximum horizontal shortening direction (cross pattern), iii) normal-type movements and a turn up of the surrounding units along the syn-kinematics plutons' boundaries and iv) development of ductile strike-slip shear zones along some of the plutons' boundaries.
